Our objective was to determine screening practices of unaffected people in the general population at moderately increased and potentially high risk of colorectal cancer (CRC) because of their family history of the disease. A total of 1,627 participants in the Australasian Colorectal Cancer Family Registry study were classified into two CRC risk categories, according to the strength of their family history of the disease. We calculated the proportion of participants that adhered to national CRC screening guidelines by age group and for each familial risk category. We carried out a multinomial logistic regression analysis to evaluate the associations between screening and sociodemographic factors. Of the 1,236 participants at moderately increased risk of CRC, 70 (6%) reported having undergone guideline-defined "appropriate" screening, 251 (20%) reported some, but less than appropriate screening, and 915 (74%) reported never having had any CRC screening test. Of the 392 participants at potentially high risk of CRC, three (1%) reported appropriate screening, 140 (36%) reported some, but less than appropriate screening, and 249 (64%) reported never having had any CRC screening test. On average, those of middle age, higher education, and who had resided in Australia longer were more likely to have had screening for CRC. The uptake of recommended screening by unaffected people at the highest familial risk of developing CRC is extremely low. Guidelines for CRC screening are not being implemented in the population. More research is needed to identify the reasons so as to enable development of strategies to improve participation in screening. Cancer Prev Res; 5(2); 240-7. Ó2011 AACR.
Introduction
Family history is one of the strongest and most consistently observed risk factors for colorectal cancer (CRC; refs. [1] [2] [3] . For example, the risk of developing the disease is about 2 and a half times higher for persons with a firstdegree relative (FDR) diagnosed with CRC. This risk is close to 4 times higher for FDRs of CRC cases diagnosed before the age of 45 and for those with more than 1 FDR affected (3, 4) . A recent study has estimated that a second-and thirddegree family history is also associated with an increased risk of CRC, especially if it is combined with a first-degree family history (5) . Excluding cases resulting from known inherited predispositions, such as Lynch syndrome and familial adenomatous polyposis (FAP), it has been estimated that between 15% to 20% of all CRC cases are attributable to having family history of the disease (6, 7) . Therefore, persons with a family history of CRC represent a not insubstantial subset of the population that could benefit the most from screening and for which screening could be most cost effective (8) .
Many countries have specific CRC screening guidelines that recommend more aggressive screening strategies for persons with an established family history of the disease compared with those at average or "population" risk (7, 9, 10) . However, there is limited information on the level of screening uptake, screening practices, or the level of adherence to recommended screening guidelines. A recent literature review identified 14 studies on the screening participation of first-degree relatives of persons with CRC (11) . The review noted that only a few studies had specifically investigated screening uptake by those at increased risk because of family history. It also found that many studies were unable to provide details of the family history and, therefore, could not determine whether the screening undertaken was based on risk-appropriate recommended screening intervals. Only 2 studies made a clear distinction between diagnostic and screening tests by excluding from the analysis participants who underwent a diagnostic test.
Little is known about the factors influencing screening behavior of persons with a strong family history of CRC. The existing studies have reported inconsistent associations with age and positive associations with healthcare provider recommendation, perceived risk, and sibling "closeness" with screening compliance (12) (13) (14) . Most of these studies, however, included only persons aged 50 or older, and only used a nonspecific definition of family history of CRC.
In this work, we used a population-based family study to estimate the CRC screening practices of unaffected Australians at familial risk of CRC and to examine the association between self-reported screening behavior and sociodemographic factors.
Material and Methods

Subjects
This study is based on the population-based families in the Australasian Colorectal Cancer Family Registry (ACCFR), a large family-based study that is part of an international consortium funded by the United States National Cancer Institute, designed to address specific research questions about CRC etiology. Details of the ACCFR objectives and methodology have been reported elsewhere (15) . Briefly, population-based case probands were incident first primary cases of adenocarcinoma of the colorectum (including those with Lynch syndrome) diagnosed in residents of the Melbourne metropolitan area, aged 18 to 59 between 1997 and 2001 and identified from the Victorian Cancer Registry, who did not have a previous diagnosis of CRC or FAP. Attempts were made to recruit the adult first-and second-degree relatives (parents, siblings, offspring, aunts, uncles, and grandparents), as well as the spouses/partners of all case probands. In addition, all firstdegree relatives of any relatives with a diagnosis of CRC were sequentially ascertained. Approaches to the relatives of case probands were made after obtaining permission from the case probands to contact these relatives.
Population control probands were frequency matched by age and sex to the age at diagnosis and sex of the case probands and identified from the federal electoral register as living in the Melbourne metropolitan area (adult voting is compulsory in Australia). As for the case probands, control probands were asked permission to contact their first-and second-degree relatives with regard to participation in the ACCFR. Figure 1 summarizes the ACCFR subject recruitment and selection of the participants to this study. To address our research question, we included all unaffected individuals available, regardless of their recruitment status in the ACCFR.
Data collection
A risk factor questionnaire and a family cancer history questionnaire were administered to all participants at baseline. Questionnaires were administered by face-to-face interviews with the probands and telephone interviews with their relatives. All participants were asked to provide information on the following: 
Analysis
Risk categorization. Participants without a personal history of CRC were classified into 1 of 3 CRC risk categories according to the Australian National Health and Medical Research Council (NHMRC) guidelines (10), on the basis of their family history of CRC and age at CRC diagnosis of their affected relatives.
* At or slightly above average risk (no personal history of bowel cancer, advanced adenoma, or chronic ulcerative colitis and either no close relatives with bowel cancer or one first-degree or second-degree relative with bowel cancer diagnosed at age 55 or older.) * Moderately increased risk (1 first-degree relative with bowel cancer diagnosed before the age of 55 years or, 2 first-or 1 first-and 1 second-degree relative(s) on the same side of the family with bowel cancer diagnosed at any age); * Potentially high risk (3 or more first-degree relatives, or a combination of first-and second-degree relatives on the same side of the family diagnosed with bowel cancer, or 2 or more first-or second-degree relatives on the same side of the family diagnosed with bowel cancer, including any of the following features (first-or second-degree relative with multiple bowel cancer, first-or second-degree relative who has/had an Lynch syndrome-related cancer (such as endometrial, ovarian, stomach, small bowel, renal pelvis or ureter, biliary tract, or brain cancer; ref. 16 ).
Participants with a previous diagnosis of cancer or who were classified as at or slightly above average risk were excluded from this study.
Screening participation. Screeners were defined as participants who reported having undergone an FOBT and/or a sigmoidoscopy or a colonoscopy as a regular check-up or because of their family history of CRC. Nonscreeners were defined as those participants who did not report any screening or who reported having undergone a procedure to investigate a new problem or as follow-up of a previous problem (i.e., tests for the later group were considered as diagnostic). Screening participation of participants was assessed as appropriate or not on the basis of the NHMRC guidelines. For participants categorized as being at "moderately increased risk," appropriate screening was defined as having at least 1 screening colonoscopy every 5 years from age 50 or from 10 years younger than the age of first diagnosis of CRC in the family. For participants categorized as being at "potentially high risk," appropriate screening was defined as having at least 1 colonoscopy screening every 2 years from age 25 or 5 years younger than the age of first diagnosis of CRC in the family. For those identified as not having appropriate screening, screening participation by FOBT, sigmoidoscopy, colonoscopy, or any of the 3 procedures was calculated. Radiological colonography was not considered as part of this study due to its very low use as a screening tool and that it is a nonrebated investigation for this indication in Australia.
Statistical analysis
Proportions of participants that reported appropriate, less than appropriate, and never screening were calculated by age group and for each CRC risk category. For those who reported less than appropriate screening according to recommendations, we computed screening by frequency and screening modality. Participants in each risk category were compared using the Pearson c 2 test of independence. A multinomial logistic regression analysis was done on the entire sample to evaluate the association, as ORs and their 95% CIs, between the outcome: screening (3 mutually exclusive levels: never screened (baseline), less than appropriate screening, and appropriate screening); and the explanatory variables: age, education (tertiary vs. other), marital status (married or living as married vs. other), degree of relatedness to the proband (first-degree vs. other), regular physical activity (at least 30 minutes a week for a minimum of 3 consecutive months in the most recent decade of life vs. less activity), body mass index (<25 kg/ m 2 vs. 25 kg/m 2 ), cigarette smoking (ex smoker vs. current smoker vs. never smoked), number of years lived in Australia (>20 years vs. 20 years), diabetes (affected vs. nonaffected), high cholesterol (affected vs. nonaffected), and personal history of any cancer apart from CRC (yes vs. no). These variables were selected based on prior studies suggesting an association with either CRC risk or screening practices (12-14-17) . To determine our best-fitting statistical model, we followed the strategy described by Homsher and Lemeshow (18) . Variable selection was done by fitting 2 separate binary logistic models for 2 outcomes: less than appropriate screening versus never screened; and appropriate screening versus never screened. Variables significant at P < 0.05 in the parsimonious binary logistic models were then tested for significance in the multinomial model. For variables significantly associated with only one of the outcomes, we estimated that association in the multinomial model by fixing the coefficient of the association with the other outcome to zero (i.e., no association). We used clustered robust standard errors to account for intraclass correlation because of nonindependence of family members. Any participant who did not provide data for any of the explanatory variables, or did not provide sufficient information on screening practices to generate the outcome variables, were excluded from all analyses. All statistics were calculated using STATA version 10.
Participants of the ACCFR
Results
A total of 1,627 participants met the inclusion criteria for being at moderately increased or potentially high CRC risk. Table 1 shows characteristics of participants for each CRC risk category.
Participants at "moderately increased risk"
On the basis of family cancer history, 1,236 participants were categorized as being at moderately increased CRC risk. Of these, 70 (6%) reported a modality and frequency of screening consistent with appropriate screening. The age group with the highest level of appropriate screening (15%) was the 35-to 49-year-old group. This was 10 times the level for participants aged 50 or older for whom only 1% reported appropriate screening. Of the 1,166 participants who reported less than appropriate screening, 915 (78%) reported never having had a CRC screening test (this included any endoscopy and FOBT). All of the remaining 251 (22%) who reported some, but inappropriate, screening reported at least 1 colonoscopy, with the majority (237/251, 94%) having undergone the most recent procedure more than 10 years prior to interview (Fig. 2A) . Of these 251, 16 (1%) and 14 (1%) screeners reported FOBT and sigmoidoscopy screening, respectively, all of which were done more than 10 years prior to interview.
Participants at "potentially high risk"
On the basis of their family cancer history, 392 participants were categorized as being at potentially high risk of CRC. Three of them (1%) reported screening practices consistent with the national guidelines. Of the 389 participants who reported less than appropriate screening, 249 (64%) reported never having had a CRC screening test. Of the remaining 140 screeners, colonoscopy was the most commonly reported test (36%), with the highest uptake levels (>50%) observed for participants aged between 55 and 69 (Fig. 2B) . The second most common test was FOBT (6%) followed by sigmoidoscopy (2%). The vast majority of these procedures (92%) were last done more than 10 years before interview.
Factors associated with CRC screening
Middle-aged participants, those with higher education, and those who had resided longer in Australia reported higher CRC screening participation (Table 2) . Participants who had lived for more than 20 years in Australia were 80% more likely to report having undergone at least 1 CRC screening procedure, compared with those who had lived in the country for a shorter period of time. Ex smokers and current smokers were less likely to report having ever been screened compared with never smokers.
Discussion
This study reports the first population-based and risk category-specific estimates of CRC screening by persons at moderately increased risk or at potentially high risk of CRC because of having a family history of the disease. For both risk categories examined, the level of screening uptake was low. Of 1,236 participants considered at increased risk of CRC, only about 1 in 4 reported ever having a screening colonoscopy and only 1 in 15 screened according to the published guidelines. Participation in colonoscopy screening was slightly higher for participants at potentially high risk of CRC, for whom 1 in 3 had some screening, but only about 1 in 130 had appropriate screening.
The reasons for such low screening could not be addressed by this study. There are several plausible explanations including, but not limited to, insufficient level of risk awareness among CRC family members; (19, 20) patients' under reporting of family history of CRC to clinicians, resulting in management strategies relevant to lower risk persons; (21); and low level of clinician awareness of the current screening guidelines. A recent study has shown that information on family history and other CRC risk factors was poorly reported in medical records of patients (22) . Issues related to privacy and the dissemination of information to relatives at risk might also represent a barrier to providing accurate family history, thus resulting in inappropriate screening (23, 24) .
Harris and colleagues (25) and Cockburn and colleagues (26) have previously reported screening participation by first-degree relatives of CRC patients to be 50% and 42%, respectively. Although these studies were conducted in Australia, they are not comparable with our populationbased findings, as they were both small cross-sectional surveys and only one of them excluded from analysis participants who had had a diagnostic colonoscopy (26) . Several other studies have investigated the screening practices of relatives of CRC patients, with reported participation estimates ranging from 16% to 69% (11, 16, 27, 28 Most of these studies, however, were community surveys with modest levels of response and prone to several shortcomings. For example, many studies investigated the 3 main screening procedures (FOBT, sigmoidoscopy, and colonoscopy) but failed to discriminate between screening and diagnostic tests or to report details on the family history of the participants, such as age at diagnosis and number of affected family members (11) . One of the main strengths of this study is our ability to present screening participation with respect to specific CRC risk levels defined by family history of cancer. This was possible because of our systematic data collection from all participants and systematic attempts to validate information provided by relatives.
Australia has one of the highest incidence of CRC in the world, with more than 13,500 cases diagnosed each year (29) , and an age-standardized incidence rate of 38.7 per 100,000 persons (30) . Studies have reported that 15% to 20% of all CRC cases can be attributed to a family history of the disease (6, 7) , that is, between 2,025 and 2,700 cases annually in Australia. Given that screening is known to reduce CRC risk for persons with a family history of the disease (31) and, as we have shown here, the majority of persons with a family history undergo inappropriate or no screening, we can infer that hundreds of predictable and potentially preventable CRC cases occur in Australia each year.
Evidence-based guidelines for the prevention, early detection, and management of CRC were first introduced in Australia in 1999 (and updated in 2002 and 2005; ref. 10), 2 years after the beginning of the ACCFR recruitment phase and 3 years before the final recruitment of participants for this analysis. This time lag might account for a proportion of the inappropriate level of screening. Another limitation of our analysis is that it is based on a 1-time survey of participants, so we do not know whether personal screening practices have changed over time. A longitudinal study is needed to determine the true screening history of persons at increased risk of CRC and to help understand the impact, if any, of existing guidelines. The ACCFR is currently conducting follow-up surveys of participants, and these data will be available for analysis in due course.
Medical practitioners are often not familiar with CRC screening guidelines or not proactive in implementing them (32) . Given that compliance of patients with guidelines is unlikely without the influence and encouragement of their doctor (33, 34) , we speculate that our findings remain relevant to the current Australian context, as no major or specific initiative to increase screening participation by people above average risk of CRC has been implemented during the last decade. This situation is not specific to Australia.
Several countries have introduced CRC screening guidelines based on family history. These often refer to the same evidence and provide very similar screening recommendations. For example, a brief comparison of the NHMRC criteria applied in our study with those used in guidelines published in the United Kingdom (35) and the United States (36, 37) shows a strong concordance in terms of familial-risk categorization, test frequency, and recommended screening modality. To date, no country has introduced a national screening program targeting persons at increased risk of CRC; the results presented in this study are, therefore, likely to reflect trends in other countries. A recent Italian study has reported that only 8% of first-degree relatives of patients with CRC reported having undergone colonoscopy screening despite having been exposed to an extensive health promotion campaign as part of a regional CRC screening program for persons at increased risk (38) . This suggest that, rather than using generic campaigns designed for the whole population, alternative, targeted methods such as educating health care providers about the specific cancer risk incurred by relatives of CRC patients are needed to increase screening.
A number of predictors of CRC screening for relatives of CRC patients have been reported previously (12) (13) (14) 17) . Our analysis found that older age was the strongest predictor of both having ever had a CRC screening test and of having a risk category specific and timely screening procedure. However, once persons reached age 50, screening decreased with age-despite their risk of CRC increasing with age. Participants who were university educated had a higher level of appropriate screening, suggesting that patient-related factors and an understanding of risk and its implications may contribute to screening uptake.
In summary, this study reports the most accurate estimates of CRC screening participation by persons at moderately increased risk of CRC, and the first estimates for those at potentially high risk of CRC. It also provides the first detailed assessment of existing CRC screening recommendations for these familial risk populations, against the actual practices in the community. The results clearly suggest that screening practice does not meet the level recommended by current guidelines and, overall, expose a significant shortfall in terms of CRC prevention for those at highest risk of developing CRC. We hypothesize that the very low levels of appropriate screening observed result from the absence of an organized approach to CRC screening for increased risk categories in the population. In 2006, Australia was one of the first countries in the world to implement an organized, population-based CRC screening program for average risk persons. Since then, increasing resources and efforts have been dedicated to the fight again CRC (39, 40) . Our results suggests that screening strategies to reduce the risk of CRC focused on those with a family history of the disease might be a fruitful avenue to reduce the burden of CRC for those most at risk.
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